Effect of the shelterbelt along the Tarim Desert Highway on air temperature and humidity by Wang HaiFeng et al.
Chinese Science Bulletin 
© 2008       SCIENCE IN CHINA PRESS 
          Springer 
www.scichina.com | csb.scichina.com | www.springerlink.com Chinese Science Bulletin | December 2008 | vol. 53 | Supp. II | 41-52 
 
Effect of the shelterbelt along the Tarim Desert  
Highway on air temperature and humidity 
WANG HaiFeng1,2†, LEI JiaQiang1, LI ShengYu1, FAN JingLong1,2, LI YingGang1,2,  
SUN ShuGuo1,2 & CHANG Qing1 
1 Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China; 
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China 
The temperature and humidity of the shelterbelt micro-climate on both horizontal and vertical scales in 
the extremely drought area were measured with multiple HOBO temperature and humidity automatic 
observation equipments in the hinterland of the Taklimakan Desert. The results show that the shelter-
belt ecosystem of the desert highway plays typical micro-climate adjustment rolesin stabilizing surface 
air temperature and increasing air humidity, and so on. Solar radiation significantly affects both tem-
perature and humidity of surface layers, and it has a positive correlation with the temperature but a 
negative correlation with the air humidity. When it is cloudy, the weather has a great impact on keeping 
temperature and humidity in the shelterbelt. The shelterbelt also significantly influences the environ-
ment, and the micro-climate in the belt has an obvious characteristic of cooling and humidification: 
compared with the original sand area, the temperature in the shelterbelt is always lower and the hu-
midity is always higher. Moreover, the temperature range at the shelterbelt  edge is greater than that in 
the sand area, but the humidity  is always higher. Our conclusion is that the vertical-effect range of 
temperature of the shelterbelts is 4 -10 m, and the humidity range is 6 to 8 m; the horizontal-effect range 
of temperature is 16 m and the humidity range is about 24 m. 
shelterbelt, extremely drought area, micro-climate, temperature and humidity, boundary 
A shelterbelt is an artificial ecological measure for im-
proving the environment, making it fit the expectation of 
human beings. It generally exists at the furthest edge of 
protected areas against the dramatic weather changes 
under different conditions. For example, farmland 
shelterbelts, coastal shelterbelts, highways shelterbelts, 
urban outskirt shelterbelts, and the large-scale shelter 
forest system project in threenorthern regions of China 
withstand strong wind movements and sand from the 
north. The existence of shelterbelts can not only with-
stand those adverse weather conditions, but also im-
prove the ecological environment in the protected areas. 
The shelterbelts can weaken the effect of air current ex-
change and reduce the cooling effect of the long-wave 
on the surface[1–4]. Meanwhile, crown canopy increases 
the surface roughness within the shelterbelt, which re-
duces the heating capacity of the ground within the for-
est and increases the effect of thermal radiation. 
Theshelterbelts can also reduce the diurnal range, lower 
the temperature range and increase air humidity on the 
region’s micro-climate environment. These changes are 
even more obvious in high temperature, drought, highly 
windy and other severe weather[5,6]. During the day, the 
temperature in the shelterbelt is lower than that outside,  
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but at night the effect is just reversed[7–11]. A vast land 
usually receives more solar radiation and precipitation, 
thereby losing more long-wave radiation. As a result, it 
shows a higher evaporation rate and the relative humid-
ity in the vast land region outside the shelterbelt is lower 
than that within the belt. In addition, the variation range 
outside the shelterbelt is always higher than that in the 
belt, and the humidity in the shelterbelt is always higher 
than that outside[12,13]. The general dynamics usually 
varies according to the “U” or “V” model: it is nega-
tively correlated with temperature, that is,the higher the 
outside temperature, the lower the temperature within 
the shelterbelt is; and during the day it is also negatively 
correlated with solar radiant intensity[14–16] . 
In the dry and hot hinterland of the Taklimakan De-
sert, in summer it lacks rainfall but receives abundant 
light. Since the heat capacity of material on its surface is 
poor, the surface temperature is much higher than the air 
temperature during the day, while the surface tempera-
ture is lower than air temperature at night. In order to 
protect the oil pipeline, the establishment of a bio-   
defense system plays a significant role because it pro-
tects highways from sandstorms, improves the local mi-
croclimate and builds a suitable environment for the hu-
man living. The shelterbelts have advantages of cooling, 
humidification, air purification, and benefiting physical 
and mental health. Such ecological effects will allow field 
staff to accomplish their task safely and efficiently. 
As for the micro-climate of current domestic shelter-
belts, most studies have focused on farmland shelterbelts, 
urban green belts and other plantations, but there are 
relatively few studies on the micro-climate effect of lin-
ear shelterbelt systems located in extremely drought ar-
eas. In this paper, a preliminary understanding of the 
micro-climate characteristics in the desert highway 
shelterbelt is achieved through temperature and humid-
ity measurements on shelterbelts system of the desert 
highway. Based on detailed analyses on the temperature 
and humidity relations between the shelterbelt in ex-
tremely drought areas and original shifting sand areas, 
and between shelterbelts and the shifting sand areas, we 
have obtained crucial knowledge of the characteristics of 
temperature and humidity in the ecological shelterbelt 
system, which would provide a theoretical basis for the 
in-depth study of ecosystem functions and precise 
evaluation on the shelterbelt capacity to improve its  
micro-climate. 
1  Overview of the research area   
At the hinterland of the Taklimakan Desert, due to arid 
climate and scarce rainfall, the annual precipitation in 
general is less than 50 mm, but the annual evaporation 
rate is as high as about 3000 mm. In July, the average 
relative humidity is 35% and the minimum relative hu-
midity is 0[17]. In a hot summer, its extreme maximum 
temperature is 44.5℃, and the surface temperature is up 
to 73℃. For lack of natural vegetation types, there are 
nine kinds of plants in the middle of Tarim. The com-
munity structure is simple, and with a very low coverage, 
the vast majority of the area has no vegetation distribu-
tion. 
The desert highway shelterbelt across the shifting 
sand desert is 436 km long, 72 to 78 m wide, and the 
total shelterbelt area is 3128 hm2. Most species are ad-
versity-resistant shrubs that are capable of tolerating 
strong anti-adversity, windbreak and sand-fixation, such 
as Tamarix L, Calligonum L, Haloxylon Bge, etc. The 
water source is the ground water of high salinity (2 to 30 
g/L) alongside the desert highway, and the irrigation 
method is dripping. 
2  Experimental methods 
The experimental site is at the T-junction of the Tazhong 
No.4 Oilfield in Tarim. Since the region needs strong 
protection, a shelterbelt was built in 1995 for sand fixa-
tion in the upwind direction, which was extended 50 m 
to the road. In 2006, after 11 years of growth, the 
shelterbelt has grown into the shape completely: the 
forest fixation coverage is >90%, and the average height 
is 2.5 m. This shelterbelt is doing well, and it can be 
regarded as one representative linear shelterbelt system. 
In the experiment, we chose this unique shelterbelt to 
study the temperature and humidity micro-climate, and 
expect to measure the temperature and humidity adjust-
ment imposed by the shelterbelt in extreme drought ar-
eas as well as to define the boundary of the effects. 
From the end of July to the middle of September, the 
weather in the middle Tarim is relatively stable, with 
scarce precipitation. Moreover, the temperature and so-
lar radiation changes are less, so this season was chosen 
to perform the experiment. For the observation, the 
HOBO temperature and humidity probes (HOBO Pro 
Series Temp, RH (C) 1998 ONSET) with high precision, 
high storage and small size were selected to be the major 
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equipment. 
Our experiment was conducted in two phases. The 
first phase was from July 24 to August 21, 2006, 28 days 
in total, and the main purpose was to collect the tem-
perature and humidity at the vertical scale. And the sec-
ond phase was from August 22 to September 11, 20 days 
in total. The main purpose for this phase was to collect 
the temperature and humidity data from the shelterbelt 
for sand fixation from the original sand area at different 
distances, and the time length for HOBO probes was set 
to be 30 min. The average temperature and the humidity 
data were collected and recorded every half an hour. 
2.1  Vertical experiment setting 
Two sets of iron bars higher than 8 m were erected, for 
each of which four sets of HOBO probes were fixed 
from the ground surface to 2 m, 4 m, 6 m and 8 m, re-
spectively (Figure 1). One set was fixed in the middle 
region of the shelterbelt at the T-junction, and the other 
set was fixed in the shifting sand area. There was about 
100 m away from the shelterbelt. Because it was in the 
upwind position and relatively far from the shelterbelt, it 
represented the temperature and humidity characteristics 
of the original shifting sand areas. 
 
 
Figure 1  Vertical experiment setting. 
2.2  Horizontal experiment setting 
Eight iron bars higher than 1 m were erected, and a set 
of HOBO probe (Figure 2) on each iron bar was fixed 1 
m from the ground surface, respectively. The first set 
was erected at the edge of the shelterbelt at the 
T-junction. The other seven sets were deployed outwards 
the shelterbelt at 4 m intervals, and the last set of HOBO 
probe was fixed 28 m away. The area from the outer 
edge of the shelterbelt to the 28 m distance is relatively 
flat and in the upwind direction, so it would not be af-
fected by any vegetation or wind, making it suitable for 
research on temperature and humidity effects on the 
horizontal scale of the shelterbelt. 
 
Figure 2  Horizontal experiment setting. 
3  Results and analysis 
The Tarim hinterland is with intense solar radiation, long 
sunshine duration and dry air; and its surface is mostly 
covered by sand powder. Because of the poor thermal 
conductivity of sand material, its heat capacity is rela-
tively low. The basic feature of the region is that the 
temperature rises up rapidly under solar radiation, but if 
solar radiation is reduced or the sun is obscured by 
clouds and dust storms, energy will be rapidly released 
in the form of long-wave radiation. Therefore, the varia-
tions of temperature and humidity are very large in the 
desert. After establishing the shelterbelt, in terms of the 
above-mentioned features, the big temperature differ-
ence in the vicinity of the shelterbelt is relieved to some 
extent, and the shelterbelt has a relatively significant 
effect on cooling and humidification on the whole area. 
Below is the analysis of the temperature and humidity 
characteristics of shifting sand and shelterbelt at both 
vertical and horizontal scales under different weather 
conditions. 
3.1  Daily dynamic properties of the temperature and 
humidity of natural shifting sand near the ground 
surface 
(i) Daily dynamic temperature. In general, the tempera-
ture changes were relatively simple in the shifting sand 
areas, and there was no obvious difference among all 
layers (Figure 3). The maximum temperature was  
36.82℃ at 2 m height at 17:30, and the maximum tem-
perature was only 0.37℃ higher than the temperature at 
the 8 m height. Since the difference was only 0.01% of 
the maximum temperature, there was no obvious differ-
ence. The minimum temperature was 23.35℃ at 2 m 
height at 08:00, and the minimum temperature was only 
0.25℃ lower than the temperature at 8 m height. Again, 
as the difference was only 0.01% of the temperature at 8 
m height, there was no obvious difference. 
Through the significant-level tests on the differences, 
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Figure 3  Daily dynamic temperature in the shifting sand area. 
 
Table 1  Test for temperature at the four heights of shifting sand 
Temperature analysis (height: m) Average value Standard difference 1% extremely significant level 
2 31.06 4.59 A 
4 31.06 4.51 A 
6 31.06 4.44 A 
8 30.95 4.40 B 
 
four average values and standard deviation values on the 
vertical scale are about the same (Table 1). The letter 
“A” indicates that the temperature differences among 2 
m, 4 m and 6 m heights are not significant and the tem-
perature changes of these three layers should be consid-
ered about the same, and the letter “B” indicates a sig-
nificant difference at 8 m height, and its standard devia-
tion is smaller than the three layers below. Thus, it was 
less affected by surface radiation, so the temperature 
change was the smallest. 
The temperature rising and descent process at various 
levels were extremely significant in the shifting sand 
area. The temperature between 09:00 and 10:00 was 
about the same. It rose from 10:00 to 18:00, and during 
this process the rising rate was constant. The first rising 
phase was from 14:00 to 16:00. For the temperature at 
the same time, the maximum was at 2 m, the minimum 
at 8 m, and the most significant difference was only 
3.29% compared with the daytime temperature change. 
At the end of the rising process, the temperature values 
at 2 m, 4 m and 6 m were the same at 22:00, while the 
value at 8 m was the same with the others at 00:00. The 
existence of the same-value points is the result of an 
inversion layer produced by reducing the temperature of 
the surface. Then, the temperature value at 8 m was 
higher than that at 2 m. The first descent phase was from 
02:00 to 04:00, and the temperature value at 2 m re-
duced most significantly. 
According to the above observation, the law of tem-
perature difference in the normal sunshine condition is 
that the closer to the ground surface, the greater the 
change is. On the ground covered by the sand only, the 
temperature of the ground surface has a very significant 
impact on temperature changes on the ground surface 
layer. In addition, the daily average value of the air 
temperature outside the shelterbelt has a linear relation-
ship with the daily total value of radiation outside the 
shelterbelt[18], and the air temperature above 8 m is not 
significantly affected by the surface temperature. 
(ii) Daily dynamic humidity. For the shifting sand 
humidity, the humidity at 2 m height was always less 
than those at 6 m and 8 m in general (Figure 4). Because 
there was no vegetation and the sand was radiated by the 
sun directly, the temperature of sand material increased 
and the humidity in the surface layer of shifting sand 
decreased, resulting in the fact that the air humidity near 
the surface layer was descent too. The air humidity 
above 8 m was completely the same as that at 6 m, sug-
gesting that it was beyond the impact of the surface 
temperature. The minimum humidity was at 8 m at 
17:30, with a value of 10.01%; while the maximum 
humidity was at 6 m at 08:00, with a value of 29.44%. 
The solar radiation gradually became more intense 
from 09:00, and it reached the maximum value at about 
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Figure 4  Daily humidity dynamics in the shifting sand area. 
 
12:00 (Beijing time). The ground long-wave radiation 
reached its maximum value at about 14::00 (Beijing 
time). In the period of 08:00 to 20:00, the air humidity 
of the ground surface layer was significantly affected. 
There was a big difference between the air humidity 
values at 2 and 8 m heights, whose extreme value ap-
peared at 12:00 (Beijing time). The difference was 
1.83%, which was equivalent to 14% of the humidity at 
8 m height. At 20:00, the solar radiation activities 
stopped but the ground long-wave radiation continued 
releasing heat and reducing the air humidity on its ef-
fecting scope. Finally, at 09:00 the next day, the air hu-
midity values were about the same at every specified 
height. Thus, we concluded that the order of the air hu-
midity values in the shifting sand area was 8 m ≈ 6 m> 4 
m> 2 m. The rule about humidity dynamics under the 
normal light condition is that the closer to the surface, 
the more significant the impact from the surface to the 
air humidity is. The air humidity of 6 m above the 
ground surface was not significantly affected.  
It is worth noting that the humidity at 4 m height was 
a bit higher than that at 8 m from 03:30 to 09:00. This 
difference was equivalent to 1% of the humidity at 8 m, 
which was due to the common water condensation 
process in the desert hinterland. After the solar radiation 
disappears, the energy saved in the gravel during the day 
will be released gradually through the ground-based 
long-wave radiation. The surface temperature at around 
03:00 was lower than that of the upper air, and the tem-
perature difference between surface and gravel caused a 
water vapor cooling condensation process, which made 
the humidity of 4 m below lower. Thus this process re-
sulted in a wet inverse effect, which requires further re-
search and discussion on how the subtle humidity 
changes happen in this process. 
3.2  Daily dynamic properties of the temperature and 
humidity of the shelterbelt near the ground surface 
(i) Daily dynamic temperature.  Through the compari-
son of the four-level temperature dynamics of the 
shelterbelt during the day, we found that the difference 
was smallest at all levels in the first period (Figure 5). 
From the lowest point at 08:00, the temperature gradu-
ally increased, and the temperature values at all levels 
intersected at 12:00 in balance. The time was postponed 
12 hours compared with the intersection time (00:00) of 
the shifting sand area. Thus we concluded that the 
shelterbelt has an effect on keeping temperature. The 
average temperatures of four levels in the shelterbelt 
were lower than those in the shifting sand area by   
0.38℃, 0.27℃, 0.15℃ and 0.00℃, respectively. The 
differences were not very significant. And the average 
temperatures from 2 to 6m reduced by 1.1℃, 0.68℃, 
0.44℃ and 0.17℃, respectively; and the differences 
were 4.1%, 2.5%, 1.6% and 0.6% of the average tem-
peratures in the same period in the shifting sand area. 
According to the observation by He and his colleagues 
on the temperature at different heights and different 
spots in shifting sand areas and Caragana microphylla 
shrub, the daily dynamics trend is basically the same in 
the shrub and shifting dunes, and the daytime average 
temperatures at 0 m and 0.3 m were 4.47℃ and 2.97℃ 
higher respectively than those in the caragana micro-
phylla shrub area in 2000. This view is largely consistent 
with our experiment, and the difference may be caused 
by different plant species and regions. 
During the process of temperature descent, the mini- 
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Figure 5  Daily dynamic temperature in the shelterbelt. 
 
mum temperature was at 2 m, and the maximum was at 
8 m. The temperature below the crown canopy was 
lower than that above, its maximum value was at 03:30, 
and the temperature at the 8 m height was higher than 
that at 2 m by 1.24 . After ℃ 08:00 the temperature in-
creased again, and before 12:00 the temperatures in the 
shelterbelt were always lower than those in the shifting 
sand area. After 12:00, the temperatures above the 
crown canopy in the shelterbelt gradually became higher 
than those at the same levels in the shifting sand area. 
After 12:00, the temperature in the shelterbelt has 
reached its most significant difference compared with 
that in the shifting sand area. The difference between the 
shelterbelt and shifting sand area reached to the negative 
maximum (Figure 6), and the maximum difference value 
was −0.19℃ at about 15:30 at 8 m height. However, 
the temperature was always lower than that in shifting 
sand area below the crown canopy at 2 m height. 
Taken together, the cooling effect of the shelterbelt 
was quite significant from 18:00 to 12:00 the next day, 
especially for the effect within 2 m below crown canopy. 
Throughout the day, the values were positive, compared 
with the cooling rate in the shifting sand area  (0.02  ℃
to 1.24 ). For the 48 intervals ℃ per day, the average de-
scent value was 0.66 , so the ℃ cooling effect was still 
relatively significant. 
(ii) Daily dynamic humidity.  The characteristic of 
humidity in the shelterbelt is that the humidity value is 
reduced with the increase of height (Figure 7). In gen-
eral, the maximum and minimum values were at around 
08:00 and 17:00, and the respective values were 
36.87% at 2 m and 9.83% at 8 m. The humidity at 8 m 
was always lower than that at 2 m, which was com-
pletely opposite to the situation in the shifting sand area. 
The vertical humidity characteristic in the shelterbelt can 
be divided to two periods. The first period was from 
09:00 to 22:00, and the humidity at all levels was rela-
tively balanced. For example, in terms of the humidity 
from 16:00 to 18:00, the average difference of all levels 
was 0.83%. The second period was from 22:00 to 09:00 
the next day, because the plant respiration has the effect 
of enlarging differences at all levels. Without solar ra- 
diation at night, the difference of humidity at 2 m height 
at 07:00 in the shelterbelt and outside was 7.3%. The 
 
 
Figure 6  Temperature difference in the shifting sand area and shelterbelt. 
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Figure 7  Humidity dynamics in the shelterbelt. 
 
average difference from 06:00 to 08:00 was 2.62%, 
which was far higher than that from 16:00 to 18:00. 
This indicates that during the period of 06:00 to 08:00, 
the humidity gradient characteristic is significant and the 
difference is bigger than that with solar radiation in the 
daytime. 
The difference between the shifting sand area and the 
shelterbelt was obvious. Figure 8 shows the comparison 
of the humidity of the shifting sand area and shelterbelt 
at various heights, where the curve is in a smooth “U” 
shape. The humidity difference was the smallest around 
21:00, and the difference was big at night in the 
shelterbelt. The humidity increase range was from 7.9% 
at 08:30 to 1.36% at 21:00, and the average increasing 
rate was 4.19%. During the process, the humidity values 
at 2 m, 4 m and 6 m were the biggest ones, and the hu-
midity in the shelterbelt was always higher than that in 
the shifting sand dunes at the same height. He and his 
colleagues studied the fixation effect of the caragana 
microphylla shrub on Horqin Sands and concluded that 
in 1995 and 2000 the testing air humidity values of the 
caragana microphylla shrub area were obviously higher 
than those at the shifting sand dunes at any period, espe- 
cially for the period from 08:00 to 20:00. In 1995 and 
2000, the testing air humidity values of the caragana 
microphylla shrub area were obviously higher than those 
of shifting sand dunes by 13.79% and 21.7%, respec-
tively. The humidity of the caragana microphylla shrub 
was higher than that of the shelterbelt. There are two 
reasons. First, the leaves of caragana microphylla 
shrubs are much larger than the leaves of any plants in 
the shelterbelt. As a result, their moisture losing speed is 
faster than Tamarix L and Haloxylon Bge and other such 
kinds of plants. Second, water conditions in Horqin 
Sands are much better than those in the desert hinterland, 
where the water dripping can only maintain the basic 
physical activities of the shelterbelt. 
Based on humidity values of the same period in the 
shifting sand area, we concluded that the humidity at 2 
m in the shelterbelt was always higher than that in the 
shifting sand area (Figure 9), and the humidity at night 
was always higher than that in the daytime. The order 
was shelterbelt at night > shifting sand area at night >> 
shelterbelt in the daytime > shifting sand area in the 
daytime. The humidity in the shelterbelt in the daytime 
was 1.17 times that in shifting sand area, and 1.11 times  
 
 
Figure 8  Humidity difference between the shelterbelt and shifting sand area. 
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Figure 9  Humidity on 2 m at a typical period between the shelterbelt and shifting sand area. 
 
at night, which showed that the moisture capability of 
plants in the daytime was slightly higher than that at 
night[19]. The average humidity value in the shelterbelt at 
night was 30.63%, which was 2.74 times higher than 
that in the daytime. For the shifting sand area, it was 
27.59%, which was 2.91 times higher than that in the 
daytime. The humidity changes in the shelterbelt were 
less than those in the shifting sand area, so the shelter-
belt has a considerable moisture capability. 
(iii) The temperature and humidity affected range at 
the vertical scale.  Because both temperature and hu- 
midity at the same intervals on the vertical scale have 
linear relationships, the temperature and humidity data 
of two experimental sites at the same intervals were fit 
with the binomial model, where each interval R2 was 
larger than 0.9. If the fitting curves of the shelterbelt and 
shifting sand area at the same intervals were connected, 
there would be an intersection point. This point of inter-
section indicates that the data inside and outside the 
shelterbelt are the same, which defines the vertical effect 
boundary value of the shelterbelt (Figure 10). 
As shown in Figure 10, there is a big variation in 
terms of the temperature boundary. After 10 o’clock, 
under the solar radiation, the air above the crown canopy 
was gradually in circulation with the air under the radia-
tion of both solar and surface outside the shelterbelt. 
Therefore, the relatively cooler air in the shelterbelt 
transmitted heat to the outside. Although the temperature 
outside the shelterbelt reached its maximum and the 
boundary reached its lowest level, the shelterbelt can 
still affect the air temperature within 4.2 m from the 
surface. By contrast, the humidity boundary of the 
shelterbelt was relatively stable, floating between 6 and 
8 m. Since the high temperature air can accommodate 
more moisture, the humidity at the same intervals would 
not change significantly. 
3.3  Daily dynamic properties of temperature and 
humidity in natural sand side outside the shelterbelt 
Under extreme drought and hot circumstances, a 
shelterbelt can not only prevent the highway from wind 
and sand, but also improve the local micro-climate, be-
cause its effect on cooling and humidification is signifi-
cant between in and outside the shelterbelt. 
If a temperature test is carried out close to the surface 
to record the values of the temperature and humidity, the  
 
 
Figure 10  The temperature and humidity affected range of the shelterbelt. 
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results would be influenced by the objects on the ground 
surface, which would lead the experiment to failure. The 
probes of our experiment within 28 m length were in-
fluenced so that the temperature data was not normal 
slightly. The probes of 12 m to 16 m were in the sand 
fixation belt of grass square, so the temperature and hu-
midity data were not correct. The elimination of wrong 
data would not affect our results. 
 (i) Daily dynamic temperature.  In general, the 
characteristic of daily dynamic temperature can be di-
vided into two stages: peak in the day and trough at 
night. Near the peak, the closer it was to the shelterbelt, 
the higher the temperature was. At night near the trough, 
the closer it was to the shelterbelt, the lower the tem-
perature was (Figure 11). Temperature fluctuations 
changed significantly at the edge of the shelterbelt, and 
the farther apart from the shelterbelt, the smaller the 
fluctuation was. 
During the daytime from 10:00 to 20:00, the tem-
perature curve was relatively clear and with clear layers, 
which can be divided into three layers as 0 to 4 m, 8 m 
to 12 m, and 16 m to 24 m. The temperature at the edge 
of the shelterbelt reached its maximum at 15:30, and the 
maximum temperature was higher than that at 24 m 
point by 1.26℃. This is because the 0 m probe was at 
the edge of the shelterbelt that degraded the wind of 
bringing heat away. Since it was exposed to solar radia-
tion directly, the energy could not be released in the 
shifting sand area. Thus, the accumulation of energy has 
resulted in the edge effect that the temperature at the 
edge was higher than that in shifting sand area, and it 
was much higher than that in the shelterbelt. During the 
night from 20:00 to 08:00 the next day, the temperature 
curve was clearly divided into two layers: 0 to 12 m and 
16 to 24 m. The temperature at the edge of the shelter-
belt reached its minimum at 23:30, which was lower 
than that in 24 m spot by 1.37℃. At that time, the en-
ergy accumulation at the edge of the shelterbelt would 
be reduced because of no solar radiation. The tempera-
ture at the edge of the shelterbelt would reduce under the 
impact of the air within the shelterbelt, but in the range 
of 16 to 24 m, the temperature would be unaffected by 
the shelterbelt. 
(ii) Daily dynamic humidity.  The characteristic of 
vertical dynamic humidity outside the shelterbelt was 
quite obvious. The humidity at the edge of the shelter-
belt was always higher than that at the 28 m spot, and 
the farther apart from the shelterbelt, the more the hu-
midity would decrease (Figure 12). The overall curve 
assumes a unimodal pattern. In the daytime, the solar 
radiation played a significant role, so the curve assumed 
a trough, which made all the humidity values at all spots 
about the same in the same shifting sand areas, including 
the spot of 4 m. But the humidity at the edge of the 
shelterbelt was still under the influence of the shelterbelt. 
At night, with the depletion of the solar radiation, the 
effect of humidity increased by the shelterbelt was en-
hanced, which added the impact of the shelterbelt to the 
region outside. The closer to the shelterbelt, the faster 
the humidity of the region increased. The humidity val-
ues of days and nights at the distance of 24 and 28 m 
were about the same, suggesting that the measurement 
range had reached and exceeded the vertical boundary 
between the humidity of the shelterbelt and the original 
shifting sand. 
The maximal value of humidity was 38.2% at 4 m at 
08:30, and this value was different from the humidity 
value at 28 m by 6%, which was 1.2 times as the humid- 
 
 
Figure 11  Daily horizontal dynamic temperatures. 
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Figure 12  Humidity characteristics at the horizontal scale. 
 
ity value at 28 m. The minimal value was 11.87% at 28 
m at 17:00, which was different from the humidity 
value at 28 m by 0.55% and was only 1.05 times the 
humidity value at 28 m. The above data showed that the 
range and volume of the humidity increasing effect at 
night are much larger than those in the daytime at the 
vertical scale. 
(iii) Sphere of influence of temperature and humidity 
at the horizontal scale.  Since the edge effect of dy-
namic temperatures on the vertical scale can be outside 
the shelterbelt[20], with the increase of solar radiation, 
the temperature rises, the diurnal range grows, and the 
relative humidity near the edge reduces. We chose two 
typical periods to describe the temperature characteris-
tics at the vertical scale outside the shelterbelt respec-
tively (Table 2). (a) During the daytime, the region 
around the shelterbelt was influenced by both solar ra-
diation and the block effect of the shelterbelt. The tem- 
perature around the shelterbelt was higher than those in 
the shifting sand areas: the order was 0 to 4 m > 8 to 12 
m >16 to 24 m. (b) At night, the region around the 
shelterbelt was influenced by the air in the shelterbelt, 
and the temperature at the edge of the shelterbelt was 
lower than that in the shifting sand areas: the orders was 
0 to 4 m < 8 to 12 m < 16 to 24 m. 
Through the comprehensive analysis of the two peri-
ods, at 1% extremely significant level, there is no sig-
nificant difference among 16 to 24 m, indicated by “A”.  
It can be regarded that the temperature influence bound-
ary of the shelterbelt at the horizontal scale is about 16 
m. 
The humidity characteristic at the horizontal scale 
outside the shelterbelt was relative obvious, and an 
analysis of significance was made over the whole day 
data (Table 3). And at 1% extremely significant level, 
there are four layers with a significant difference, in- 
cluding the layers at the distances of 0, 6, 20, and 24 to 
28 m. 
 
Table 2  Test for the horizontal influence of the air temperature of the shelterbelt  
13:00―20:00 01:00―08:00 
Analysis distance (m) 
Average value Standard 
deviation 
1% extremely 
significant level 
Average value Standard 
deviation 
1% extremely 
significant level 
0 31.87 0.9 A 19.52 1.4 C 
4 32.03 0.95 A 19.46 1.4 C 
8 31.43 0.81 B 19.63 1.45 B 
12 31.47 0.73 B 19.64 1.48 B 
16 30.93 0.76 C 20.55 1.53 A 
20 31.01 0.75 C 20.6 1.53 A 
24 31.05 0.77 C 20.6 1.53 A 
 
Table 3  Test for the vertical influence of humidity of the shelterbelt 
Analysis distance (m) Average value Standard deviation 1% extremely significant level 
 0 23.64 8.07 A 
 4 22.85 8.53 B 
 8 21.9 8.14 C 
20 20.73 6.66 D 
24 19.99 6.57 E 
28 19.86 6.62 E 
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As shown in Table 3, the humidity in the range of 28 
m can be divided into five gradients. At the distance of 
24 m to 28 m, the letter “E” indicates that the difference 
is not significant, and so we can regard 24 m as the in-
fluence boundary between the humidity of both the 
shelterbelt and the original shifting sand. 
3.4  Daily dynamic properties of temperature and 
humidity in the shelterbelt under different weather 
conditions 
An overall analysis of climate data from the experiment 
at the automatic weather station of Tazhong desert bo-
tanical garden was made. During the vertical scale ex-
periment, the solar radiation value on July 27 was 
smaller than the average value of July, and the visibility 
around that day was close to the average level. So its 
normal and average wind speed at the 2 m height was 
4.3 m, which was stable in the Tazhong area, and the 
period was continuously cloudy without wind. 
July 27 was close to August 1, and if there was no 
block, the total solar radiation would have been at the 
same level and comparable. On July 27 the total solar 
radiation net radiation was reduced by an average of 
92.34J/cm2·min and 21.57J/cm2·min than those on Au-
gust 1. The most significant difference was 450.7 
J/cm2·min at 17:30 and 161.5 J/cm2·min at 17:00 (Fig-
ure 13). 
In order to obtain the temperature and humidity dif-
ference among July 27 and the days in normal weather 
conditions, and to assure the data accuracy as well as the 
reference of July 27, the average values of the tempera-
ture and humidity within 10 days around July 27 were 
recorded. The data showed that when the effective solar 
radiation decreased by 32.4%, the temperature at 2 m 
height in the shelterbelt on July 27 was somewhat lower 
than the average temperature (Figure 14). The average 
decrease range of temperature was 3.6℃, and the aver-
age temperature of July 27 was 88.4% of the average 
temperature of the neighboring 10 days. The average 
humidity was increased by 10% (Figure 15), and the 
humidity of that day was 1.41 times the average humid-
ity of those 10 days. 
The temperature decrease ranges in and outside the 
shelterbelt were about the same, but the increase range 
of humidity in the shifting sand area was significantly 
larger than that in the shelterbelt (Table 4). The humidity 
value was still lower than that in the shelterbelt, which 
showed that the humidity in and outside the shelterbelt 
increased when the radiation reduced. However, the in- 
 
 
Figure 13  Radiation comparison between the cloudy weather and the sunny weather. 
 
      
Figure 14  Air temperature comparison.                                    Figure 15  Humidity comparisons. 
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Table 4  Comparisons between the air temperature and humidity on July 27 and the average temperature and humidity within the 10 days around July 27 
Increasing and decreasing range in one day (height: m) 2 4 6 8 Average 
in shelterbelt −12% −12% −13% −13% −12% 
Air temperature 
shifting sand −13% −13% −13% −13% −13% 
in shelterbelt 41% 50% 54% 59% 51% 
Humidity 
shifting sand 64% 62% 59% 61% 61% 
 
fluence of plantation was still quite significant. 
4  Conclusions 
(1) The crown canopy undermines the solar radiation in 
the shelterbelt and reduces the ground surface long-wave 
radiation. The air current movement in the canopy layer 
is influenced by the effect of blocking and friction by the 
branches and leaves, so the air heating exchange effect is 
lowered, which results in that the temperature difference 
between the open area and in the shelterbelt is obvious. 
The temperature in the shelterbelt increases slowly un-
der solar radiation, and at night when the temperature 
outside the shelterbelt is low, the speed of heat releasing 
is also slow. The effect of the shelterbelt on temperature 
is mainly to narrow the diurnal range and reduce the 
temperature variation, so that the temperature in the 
shelterbelt is relatively stable. 
(2) The wind speed in the shelterbelt is slow and the 
temperature is also relatively low, so the vapor from 
plants and soil can stay in the air of the surface layer for 
a long time. Moreover, with the cover of canopy, the air 
humidity in the shelterbelt is higher than that outside at 
any time, so that the shelterbelt can relatively maintain a 
higher humidity.  
(3) Temperature and solar radiation are positively 
correlated: the more solar radiation, the higher the tem-
perature. Humidity and solar radiation are negatively 
correlated, and the relevant temperature and humidity 
are also negatively correlated. The temperature and hu-
midity change inside and outside are the same. When the 
radiation is reduced, the temperature inside and outside 
will become lower and the humidity will increase. The 
temperature and humidity changes in the shifting sand 
area would be slightly larger than those in the shelter- 
belt. 
The desert highway is a certain special shelterbelt 
ecological system, which has the shelterbelt effect of 
cooling and humidification, meantime it is isolated in 
the desert hinterland extreme weather circumstances, 
thus it is very necessary to further investigate the micro- 
climate characteristics of the shelterbelts. 
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